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In most of the work on the effect of radiated heat on the human skin, the
variability of the skin itself is taken as a nuisance one has to put up with. In
this investigation, an attempt is made to determine the cause and the meaning
of this variability.
METHODS
A great deal of work has been done on the absorption of radiated heat energy
by the human skin (1—9). While much of this work has been hampered by in-
adequate instrumentation, one essential factor appears to be established, and
that is: The human skin, when exposed to heat energy with a peak in the visible
range, may show more heating effects deeper in the tissues than on the surface
(1, 2, 4, 9). In this investigation no attempt was made to measure heat absorp-
tion in the various skin layers. The rates of heating and cooling of the skin
surface were determined for normal "white" skin, and also for skin painted with
India ink, when exposed for a short period to intense thermal radiation. These
data were analyzed for effects produced by cutaneous site, sex, age, and oiliness
or dryness of the skin.
No tests were made as to the effect of the above factors on the histology and
biochemistry of the skin. For evaluation of these differences, the evidence
presented by other investigators and summarized recently by Rothman (1) was
used.
The methods were described in detail in a previous paper (10). The energy
source was a 1000 watt projection lamp, which was regulated to give an energy of
100 mifficalories/sec/cm2. The light so produced is of a yellowish color, the
spectral distribution of which was not measured. Unless specifically mentioned,
all experiments were done on an area 4 cm. in diameter on the volar surface of
the forearm. The skin temperature during the heating and cooling period was
measured with a rapidly recording radiometer (8). If normal human skin is
exposed to radiated heat, a certain amount of heat energy is reflected and the
remainder is absorbed at various skin depths. However, if the skin is painted
with India ink, 94 percent of the incident heat energy is absorbed at the surface,
and transmitted into the skin by conduction. This makes it possible to determine
the thermal characteristic of the skin, i.e. the product of heat conductivity (k),
density (p), and specific heat (c), from the increase of skin temperature with
time when exposed to known irradiance. The greater the kpc, the lower is the
temperature increase in time. Therefore, kpc has been called "thermal inertia"
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TABLE I
Variability of temperature measurements of the forearm (For 8 subjects exposed to 100 mc!
sec/cm2)
White Skin India Ink Painted Skin
Time (eec) Mean temp. S. D. Time (sec) Mean temp. s. D.
Heating 0
2
5
10
20
30
32.8
35.6
37.1
39.6
42.3
43.7
0.31
0.54
0.51
0.61
0.52
0.60
0
2
4
8
12
34.0
39.6
42.0
43.9
45.6
0.47
0.77
0.69
0.69
0.92
Cooling 2
5
10
20
30
42.4
41.5
40.5
39.1
38.4
0.57
0.51
0.55
0.52
0.49
2
4
8
12
20
43.4
41.8
40.9
40.3
39.3
0.72
0.71
0.67
0.57
0.52
(11). It is expressed in terms of cal2/cm4/°C2/sec. The variability of these meas-
urements is shown in Table I.
In order to avoid any possible chRnge in the day-to-day calibration of the heat
energy or of the recording system, all experimental values were compared only
with controls obtained at the same time and under the same experimental condi-
tions. The subjects were laboratory workers between the ages of 19 and 42 years,
except in the experiment on the effect of age when four people, all 80 years old,
kindly offered their services.
COMPARISON OF PALM AND FOREARM
Results. The results are given in graphic form with each point representing
the mean of 8 or more determinations. Figure 1 shows the heating and cooling
curves of the volar surface of the forearm as compared with that of the hypo-
thenar eminence of the palm. Figure 1A gives the two curves for white skin,
and Figure lB those for skin painted with India ink. In both cases the tempera-
ture rise with time is more marked for the palm, but the difference is more
pronounced in the white skin curves. The kpc for the forearm was 91 and that
for the palm 72. Figure 2 shows an experiment in which heating was continued
up to the pain threshold (P), indicating that this point was reached later in the
pahn.
Discussion. According to Rothman (1), the horny layer of the skin is thicker
and more compact in the palm. The stratum lucidum and stratum granulosum are
marked, while they are very thin on the forearm. Therefore, the subpapillary
vascular plexus and the secretory glands are considerably deeper in the palm.
The dermis of the palm is thinner and the underlying fat pad thicker. However,
in the India ink experiments radiation effects on deeper skin layers are elimi-
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FIG. 1. Effect of cutaneous site on heating of skin. (Mean of 8 determinations.)
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FIG. 2. Effect of cutaneous site on pain threshold of skin. (Mean of 8 determinations.)
nated. As India ink painted skin and white skin show essentially the same type of
reaction, we can consider the observation to be due to differences of the super-
ficial layers of the skin. This explains also the observation that, in spite of the
greater surface heating in the palm, the pain threshold is reached only after
1oner exposure in the palm. Under these conditions, the noninnervated surface
layers of the skin apparently protect the deeper-lying nerve endings, as the
temperature at the nerve endings is the determining factor for pain sensation
(7, 12).
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FIG. 3. Effect of painting skin with olive oil on heating of skin. (Mean of 8 determina-
tions.).
INFLUENCE OF OILINESS AND DRYNESS OF THE SKIN
ReslAlts. It is difficult to determine the effect of differences of surface fat of
the skin. Even if one could find two people of the same age and of the same sex
with marked differences of surface fat of the skin, one would also encounter
differences in hydration of the skin and probably a number of other physio-
logical and chemical variables. Therefore, to investigate differences of surface
fat of the skin, the skin was painted with olive oil and then compared with normal
skin and with skin washed with 95 percent alcohol. In Figure 3B on the India ink
painted skin, the oiled skin had a slightly but not significantly higher tempera-
ture. However, in the white skin experiments (Figure 3A), the oiled skin heats
much more slowly than the normal skin and the alcohol washed skin slightly
faster. This difference, though small, was present in all tests.
Discussion. The kpc of olive oil is about 26, that of skin 80 to 130, and that
of water 140. Therefore, we would expect that painting the skin with oil would
increase the temperature rise when exposed to thermal radiation. However, no
difference was found in the India ink painted skin, and in the white skin a lower
heating curve was obtained when the skin was oiled. This could be due to either
of two factors, increased reflection or increased heat penetration. An increased
reflection in the visible range, the infrared range, or both, would cause a corre-
sponding decrease of the total energy absorbed. If this is the explanation, one
must assume that oil has a greater effect on reflection in the white skin than in
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the India ink painted skin. On the other hand, increased penetration is sup-
ported by Lewis' observation (13) that painting the skin with cedar oil makes it
possible to examine the subpapillary vascular plexus directly under the micro-
scope. The data presented allow no further evaluation of the relative importance
of these two factors. The increased heating slope after washing the skin with
alcohol is considered to be due to the lowering of the kpc by dehydration.
THE EFFECT OF SEX
Results. To determine the effect of sex, use was made of earlier records originally
taken for various other purposes. For black skin, the mean of a group of 15
males was compared with the mean of a group of 15 females. No significant
difference between the two groups was found. In the white skin experiments,
15 males were compared with 12 females. The heating curves for the males were
found to be slightly but not significantly higher.
Discussion. The absence of sex difference in the heating of the skin indicated
by these experiments agrees with Hardy's findings (7) in which there was no sex
difference in the pain threshold of India ink painted skin. However, the similarity
of the heating curves could be due to the combined effect of various factors with
balance at a similar kpc level. For instance, it is possible that the female skin
contains more fat, which would decrease the kpc, and that the epidermis is
thinner, which would increase the kpc. In this case the balance might still be the
same as that for the male.
INFLUENCE OF AGE
Results. To determine the effect of age, four people all over 80 years old were
compared with four people averaging 24 years of age. In the white skin experi-
ments (Figure 4), the difference in the first 15 seconds of exposure was not
significant. After that the control group showed less heating than the old age
group. This is outbalanced by a higher initial skin temperature in the younger
group so that the final skin temperature after 30 seconds of exposure is actually
higher than that in the old age group. In the India ink experiments (Figure 5),
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FIG. 4. Effect of age on heating of white skin. (Mean of 8 determinations.)
476 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
INDIA INK (75 mc)
l.S.T. F.ST. KpC
— Aged 32.2° 43.3° 61.4
!
_________25 tO 152 5 tO I
TIME —SECONDS
Fro. 5. Effect of age on heating of India ink painted skin. (Mean of 8 determinations.)
the temperature rise is more marked for the older group, and the difference is so
marked that the final skin temperature after 15 seconds exposure is higher than
that of the control. This effect comes out clearly in the low kpc values for the
older group.
Discussion. In this group of aged subjects, the initial skin temperature was
lower than in the younger controls. This is probably due to a decreased blood
flow (14). The increased slope of heating in the aged subjects could be explained
by the dehydrated epidermis of old age, which decreases the kpc and therewith
increases the temperature rise. On the other hand, with advanced age there is a
loss of surface fat of the skin and greater thinness of the epidermis due to atrophy,
which would tend to increase the kpc. The difference between the white skin
and the India ink experiments is considered an indication that, due to greater
penetration in white skin experiments, the effects coming from deeper skin
layers are more important, while in the India ink experiments, in which one deals
with conduction only, the main effects are those taking place right at the skin
surface.
In these experiments, the age difference between the two groups was very
marked. However, the physiological age of the skin does not necessarily parallel
the chronological age of the individual. Therefore, one might expect to find
these "old age effects" sometimes even in younger people, as the result of chronic
wasting disease.
SUMMARY
1. The effect of skin texture upon the pain threshold and the thermal constants
of the human skin when exposed to 100 millicalories/sec/cm2 of radiated heat is
determined.
2. Comparing the palm with the forearm, it is found that in the palm the
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slope of the temperature rise is increased. Pain sensitivity is decreased, probably
due to the greater depth of the sensitive nerve endings.
3. Painting the skin with oil lowers the slope of the temperature rise. Painting
the skin with 95 percent alcohol increases the temperature rise.
4. Comparing the two sexes, no significant difference in skin heating is found.
5. In advanced age the heating effect is increased.
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